Fluorescent and photoactivatable fluorescent derivatives of tetrodotoxin to probe the sodium channel of excitable membranes.
Fluorescent and photoactivatable fluorescent derivatives of tetrodotoxin (TTX) have been synthesized. N-Methylanthraniloylglycine hydrazide, anthraniloyl hydrazide, and 2-azidoanthraniloylglycine hydrazide were coupled to the carbonyl at C6 of oxidized tetrodotoxin to form stable fluorescent hydrazones. The C6 ketone can be reductively aminated with either ammonium or methylammonium acetate to form 6-amino- or 6-(methylamino)tetrodotoxin, which can then be acylated by a variety of fluorescent reagents. The biological activity, competitive binding with [3H]tetrodotoxin for the receptor on rat axonal membranes, and equilibrium binding isotherms obtained by fluorescence enhancement or anisotropy indicate that the derivatives are only about 2-5 times less active then tetrodotoxin itself. The 2-azidoanthraniloylglycine hydrazone of oxidized tetrodotoxin, when activated by light, generates a reactive nitrene which is capable of covalent insertion into the toxin receptor. The product of the photolysis is a highly fluorescent tetrodotoxin derivative which is irreversibly linked to the receptor site. The excitation and emission spectra of the fluorescent tetrodotoxin derivatives vary with solvent polarity, and this sensitivity has been used to determine the immediate environmental characteristics of the toxin binding site of the sodium channel. It is concluded that the toxin binding site is highly polar. Emission and excitation spectra reveal that radiationless energy is transferred from tryptophan residues of the receptor to the anthraniloyl group of the TTX derivatives.